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a loss of proteoglycan with age and a progressive loss of staining and
cartilage thinning is observed. The changes in the cartilage characteristics
are consistent with other studies and correlate to the MRI ﬁndings in this
study.
Conclusions: There is a 39% increase in mean T1ρ values between the
3-4 month and 5-6 month old cohorts and a 45% increase between 3-4
month and 9-10 month old cohorts. Between 5 and 9 month old animals,
the lack of signiﬁcant difference of T1ρ values indicates that signiﬁcant
cartilage matrix molecular degradation has already occurred by month 5-6.
In 9-10 month old cohort, while the T1ρ values are higher than those in
younger cohorts, visible cartilage damage, ﬁbrillation, and thinning has
occurred. Additionally, collectively, this study provides the needed data to
support the use of this sensitive imaging method to measure biochemical
changes in articular cartilage during the early stages of OA and provides
a non-invasive tool to rapidly evaluate the eﬃcacy of potential disease
modifying therapies in vivo.
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Purpose: The objectives of this work were to characterize the association
of automated MRI image-based measurements of cartilage thickness and
subchondral bone plate (SBP) curvature to KOOS’ pain and KOOS’ other
knee symptoms, and to measure the ability of those MRI image based
measurements to predict changes of KOOS’ pain and other symptoms.
Methods: The symptomatic knee of 133 subjects at baseline, 12 month
and 24 month DESS sagittal MRI knee images from OAI data progression
cohort releases 0.C.2, 1.C.2 and 3.C.1 were segmented by an atlas based
segmentation algorithm. All the local thicknesses measurements at the
cartilage surface and local curvatures measurements at SBP were projected
back into the cartilage volume and mapped into to the digital atlas space.
After that, cartilage voxles were compared voxel by voxel to the atlas’
cartilage surface thicknesses and SBP curvatures creating atlas-referenced
thickness and curvature maps. At baseline atlas-referenced maps of car-
tilage and curvature values were statistically described by mean, variance
and distribution percentiles. Furthermore, the 12 month data and the 24
month thickness and curvature maps were compared back to the baseline
maps and the voxel-by-voxel longitudinal change maps in thicknesses and
curvatures for every subject were computed. The change maps were de-
scribed by mean change, variance of change and percentiles distribution of
change. The quantiﬁcation was done on the central regions of the knee, the
entire femur and tibia cartilage; but only changes in femoral cartilage were
studied in this report. The KOOS scores, the paired KL scores, as well as
the average joint space width of every analyzed subject were downloaded
from the OAI site (http://www.oai.ucsf.edu) and used to associate the MRI
measurements to the radiological OA severity as measured by KL scores
and to the Knee OA outcomes of pain and other symptoms as measured
by the KOOS questioner. The MRI measurements of the subjects with a KL
scores lower than 4 were contrasted to changes in KOOS pain and KOOS
other symptoms using odds ratios to compare subjects with low MRI based
measurements to subjects with high MRI measurements in a low, medium
and high uniform stratiﬁcation of the analyzed population.
Results: Four segmented subjects were removed due to poor segmentation
quality and three other were removed due large differences in quantiﬁ-
cation results. After removing those subjects 107 subjects had a KL score
lower than 4 with good quantitative results on all three time points.
The average cartilage thickness was associated to an increase in pain at
baseline, while the average curvature of the femoral SBC was associated to
an increase in KOOS’ other symptoms as seen in Table 1. Furthermore, Table
1 shows the results of the correlation analysis to KOOS pain and KOOS
other symptoms to common OA variables. During the 2 year observation
the change in pain was associated with changes in cartilage thickness while
change in other symptoms were associated with changes in the average
SBC curvature as seen in Table 1. Finally, it was observed that 36% and 39%
of the subjects showed an increase in pain and symptoms respectively in
the two year observation. Table 2 shows the odds ratios associated to the
increase prevalence on knee pain and symptoms when comparing the low
partition to the high partition of the three class uniform stratiﬁcation of
the analyzed measurements.
Conclusion: This study showed that it is possible to modestly predict
changes in KOOS pain and KOOS other symptoms using MRI-based mea-
surements. Change in thickness was associated with an increase prevalence
of pain and changes in curvature to an increase prevalence of other
knee symptoms. Furthermore, the present results may be combined with
other risk factors to enhance the probability to observe signiﬁcant clinical
changes in a prospective clinical trial design.
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Purpose: Radiographic tibio-femoral (TF) osteoarthritis is deﬁned as
Kellgren-Lawrence Grade 2: presence of a deﬁnite marginal TF osteo-
phyte on the a.p. weight-bearing radiograph. The sensitivity of MRI to
detect marginal osteophytes is superior to radiography and MRI-detected
osteophytes are regularly observed in knees without radiographic OA.
To date diagnostic criteria of knee osteoarthritis (OA) based on MRI have
not been deﬁned. In analogy to the radiographic OA deﬁnition such an
MRI-based approach will likely include presence of a "deﬁnite" tibiofemoral
(TF) osteophyte (OP). As it is not known how a "deﬁnite" osteophyte on MRI
should be deﬁned and if a deﬁnite MRI-deﬁned osteophyte is diagnostic
of (early) OA, we wish to suggest a deﬁnition of a "deﬁnite" marginal MRI
osteophyte based on its diagnostic performance in detecting radiographic
OA.
The aim of this study was to assess the diagnostic performance of
MRI-detected deﬁnite osteophytes in the diagnosis of radiographic OA
(ROA).
Methods: The study population was part of a larger study of random
volunteers assessing the diagnostic performance of a novel X-ray device.
All subjects (aged ≥40 years, with or without knee pain or knee OA) had
both knees imaged by X-ray (semiﬂexed knee X-ray using Synaﬂexer™)
and 1.5T MRI (axial, sagittal, coronal intermediate-weighted fat saturated
and coronal T1w sequences). Radiographs were assessed according to the
Kellgren-Lawrence (KL) system. OPs on MRI were graded accordingly in
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Table 1. MRI Deﬁniation: maximum grades of MRI-detected marginal (4 tibiofemoral lo-
cations) osteophytes for knees Kellgren-Lawrence (KL) 0-2
WORMS osteophytes KL Grade on X ray
(maximum grades in either
central medial/lateral femur/tibia)
0 (N=26) 1 (N=9) 2 (N=16)
n n n
0 22 (85%) 1 (11%) 0 (0%)
1 3 (12%) 5 (56%) 2 (13%)
2 1 (4%) 2 (22%) 6 (38%)
4 marginal TF locations using the WORMS scoring system (scale 0-7). All
knees KL0-2 were included in the analysis. In our sample, the minimum
marginal OP size detected on MRI in KL2 knees was a MRI WORMS grade
1, deﬁned as a tiny or equivocal OP (Table 1). Since radiographically-
detectable OPs in KL2 knees are by deﬁnition ’deﬁnite’ OPs, accordingly
we deﬁned the MRI grade 1 OP to be the minimum ’deﬁnite’ OP on MRI.
The diagnostic performance of this MRI grade was assessed, using X-ray as
the reference. We further evaluated an alternative MRI grading in which
’deﬁnite’ OPs were deﬁned as a WORMS grade 2. In addition, risk of ROA
according to MRI OP grade was assessed using exact logistic model and
using the deﬁnite MRI OP grade (1) as the reference.
Results: Eighty knees from 40 subjects were imaged. The mean age of
subjects was 57 (SD±11) years, 30 (75%) were women, 35 (88%) were white
and 31 (78%) had a body mass index ≥25. 26 knees were graded KL0, 9
knees KL1 and 16 KL 2. Of the knees graded as KL2, 2 had a maximum
OP size of 1, 3 knees a maximum OP grade 2, 2 knees a maximum OP
grade 3 and 9 knees a maximum OP grade ≥4. A grade 1 MRI OP, deﬁned
as a "deﬁnite" OP, had a sensitivity of 100%, a speciﬁcity of 74.3% and an
accuracy of 82.3% in diagnosing ROA. Numbers were comparable using a
grade 2 OP as a "deﬁnite" OP (Table 2).
Table 2. Agreement and diagnostic performance for the presence of radiographic OA (=
KL2) of marginal deﬁnite MRI osteophytes based on the results of “deﬁnite” osteophytes
from Table 1
Feature No. of ﬁndings Sensitivity Speciﬁcity Accuracy
on X ray (%) (%) (%)
TP TN FP FN
MaximumWORMS grade 1 16 26 9 0 100 74 82
MaximumWORMS grade 2 14 26 11 0 100 70 78
Abbreviations: TP = true positive; TN = true negative; FP = false positive; FN = false nega-
tive.
Risk of ROA increased with increasing OP size albeit not statistically
signiﬁcant due to small sample size (Table 3).
Table 3. Presence of marginal MRI osteophytes and risk of radiographic OA*
MRI Osteophyties KL Grade Odds Ratio p-value
(maximumWORMS score inc
4 marginal localtions)
0 or 1 (N=35) 2 (N=16)
n n
0 23 (68%) 0 (0%) 0.2** 0.17
1 8 (24%) 2 (13%) 1 (reference) n/a
2 3 (9%) 6 (38%) 7.0 0.11
≥3 1 (3%) 8 (50%) 24.4 0.009
*Knees with a maximum grade 1 of a marginal osteophyte in any of the 4 marginal
tibiofemoral locations is deﬁned as “deﬁnite” and the reference group.
**Indicated a median unbiased estimate.
Conclusions: A grade 1 MRI OP in any of the 4 TF marginal locations is
highly sensitive in diagnosing ROA and shows good speciﬁcity. Small (grade
1) MRI-detected OPs show a good diagnostic performance in the detection
of ROA and may be deﬁned as "deﬁnite" OPs. Further validation in larger
studies is needed.
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Purpose: We aimed to quantify a subchondral bone sclerosis of the femoral
and tibial condyles, and developed medial lateral ratio of bone mineral
density (BMD) in patients with varus knee osteoarthritis (OA) using dual
energy x-ray absorptiometry (DXA) (CORR 1997). Medial lateral ratio of the
knee condyles might have the possibility of monitoring in the progression
of varus knee OA. The purpose of this study was to assess the relationship
between medial lateral ratio of the knee condyles and various factors.
Methods: This study involved 171 consecutive women with varus knee OA
at our institution. The patients were considered to have knee OA if they had
Kellgren-Lawrence grades of 2 or higher. In addition, the patients with knee
OA showed knee pain during walking, climbing stair and/or descending
stair. All patients underwent knee radiograph and DXA at the lumbar spine,
proximal femur and knee condyles. Medial and lateral condyle BMDs at
the femur and the tibia were measured, and medial lateral ratio of the
femoral and tibial condyles were calculated. Anteroposterior and lateral
knee radiographs were taken while the patients were in the standing posi-
tion. The femorotibial (FT) angle was deﬁned as the lateral angle between
the femoral and tibial shaft axes, and the femoral condylar-tibial plateau
(FCTP) angle was deﬁned as the angle between the tangents to the femoral
condyles and the tibial plateau marginal line. Body mass index (BMI) was
calculated as an index of obesity. SPSS for Windows was used for statistical
analysis. Data were expressed as means ± standard deviations and were
assessed using Pearson’s correlation coeﬃcient. Signiﬁcance was set at p <
0.05.
Results: The mean age, BMI, FT angle and FCTP angle in women with varus
knee OA were 69.6±8.8 years, 25.5±4.2 kg/m2, 182.6±5.9° and 5.8±3.6°,
respectively. The mean medial and lateral condyle BMDs at the femur were
1.195±0.295 and 0.689±0.153 g/cm2, respectively. Also, the mean medial
and lateral condyle BMDs at the tibia were 0.953±0.241 and 0.634±0.142
g/cm2, respectively. The mean medial lateral ratio at the femur and tibia
were 1.79±0.58 and 1.53±0.46, respectively. There were signiﬁcant associ-
ation between medial lateral ratio at the femur and medial lateral ratio at
the tibia (r = 0.758, p < 0.001). Medial lateral ratio of the femoral and tibial
condyles were signiﬁcantly correlated with greater FT angle (r = 0.488, p <
0.001 and r = 0.547, p < 0.001, respectively). Also, medial lateral ratio of
the femoral and tibial condyles were signiﬁcantly correlated with greater
FCTP angle (r = 0.499, p < 0.001 and r = 0.591, p < 0.001, respectively).
Conclusions: Medial lateral ratio of the femoral and tibial condyles in-
creased signiﬁcantly with the progression of varus deformity and joint
space narrowing. Medial lateral ratio of the femoral and tibial condyles has
the possibility of monitoring in the progression in women with varus knee
OA.
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Purpose: Development of disease modifying osteoarthritis drugs (DMOAD)
need to demonstrate preservation of the joint space width (JSW) which is
commonly measured by X-ray. The Lyon-schuss (LS) method of positioning
the knee and aligning the X-ray beam so the anterior and posterior tibial
margins are aligned on the projection image has been shown to be the
most sensitive method for measuring joint space narrowing (JSN). The
disadvantage of the LS method is that the optimal beam angle requires
the use of ﬂuoroscopy or multiple x-rays and iterating until alignment is
obtained. We present a technique for objectively determining the correct LS
angle form the ﬁrst x-ray, allowing a reduction in time and X-ray exposure
to the subject.
Methods: This retrospective study used MRI and X-ray from the A9001140
longitudinal knee OA study, to develop and test this method. In this study,
the Kellgren and Lawrence (KL)=0 subjects had a body mass index (bmi)
< 28 and the OA subjects, KL=2 and 3, had a bmi > 30.From the MRI
a 3D reconstruction of the medial tibial plateau was done for 30 female
subjects and the plateau width and depth was measured. The ratio of the
depth/width was found to be 1.78 (±0.14) and was consistent for KL scores
of 0, 2 and 3. The width of the medial tibial plateau was measured on the
X-ray and using this ratio the depth of the tibial plateau was estimated.
The MRI were only used to establish this ratio and were not required for
application of this technique. Using this information, and measuring the
inter margin distance (IMD) the correct LS angle was determined using the
following method.
